INTRODUCTION
The growth, development and maintenance of tissues depends on the concerted action of many secreted and membrane-bound regulatory factors. There is evidence that the products of the granulin\epithelin gene might be among the polypeptides involved in these processes. Granulins (grns) [1] or epithelins (epis) [2] are polypeptides of molecular mass approx. 6 kDa that promote or inhibit the growth of various cells in culture [2] . They are generated from a glycoprotein precursor containing 7" # repeats of the grn\epi motif [3] [4] [5] [6] . The grn\epi gene is strongly expressed in cells of epithelial and haemic lineage in itro and expression is also present in fibroblastic cell lines [3, 5] . The mRNA for grn\epi occurs widely in i o, particularly in the spleen, placenta, ovary, epididymis, adrenal, lung and kidney [4] , with little or no expression in skeletal muscle, connective tissue or endothelia. The gene product for grn\epi is also abundant in spermatozoa, where it is localized to the acrosome as a glycoprotein called acrogranin [7] . The intact grn\epi precursor is secreted and might act as an autocrine growth factor for PC cells, a highly tumorigenic cell line derived from a mouse teratoma [8] . The Nterminal sequence of transforming growth factor e (TGF-e), a mitogen for epithelia and some mesenchymal cells, is indistinguishable from human grn\epi A, although it is not yet known whether TGF-e is derived from the same gene as the grns\epis [9] . High-affinity receptors for grn\epi and TGF-e have been reported on epithelial tumour cells [10, 11] .
To understand better the biology of the grn\epi gene products it is important to determine what regulates the spatial and temporal patterns of their expression. One approach to this is through structural and functional analysis of the 5h sequence of the grn\epi gene. Baba et al. [12] reported the structure and promoter activity of the mouse grn\epi gene (acrogranin). The exon\intron structure of the mouse protein-coding region is Abbreviations used : CAT, chloramphenicol acetyltransferase ; epi, epithelin ; grn, granulin ; TGF, transforming growth factor. † Present address : Institute of Molecular and Cell Biology, National University of Singapore, 10 Kent Ridge Crescent, Singapore 0511. § Present address : Department of Molecular Medicine, School of Medicine, University of Auckland, Grafton Road, Auckland, New Zealand. R To whom correspondence should be addressed. and how this is regulated. To assist in this we have obtained the 5h sequence of the human grn\epi gene, and using chimaeras of the grn\epi -5h sequence and the chloramphenicol acetyltransferase gene we have shown a strong promoter activity associated with the 5h sequence of the human grn\epi gene. We have further delineated regions of the 5h sequence that confer high-level expression on the chimaeric gene.
organized in the same way as the human gene [13] , with each 6 kDa grn\epi unit being encoded by two non-equivalent exons. The mouse grn\epi gene, which lacks a TATA box, showed promoter activity within a sequence of 121 bp upstream from the ATG initiator codon. The structure of the human grn\epi gene promoter is not known. Here we report the 5h sequence of the human grn\epi gene, compare it with the mouse gene and delineate regions likely to be functionally significant in the expression of the human grn\epi gene.
MATERIALS AND METHODS

Library screening and isolation of genomic clones
The genomic clone HGL1 was obtained as previously described [13] . To obtain clones containing more of the 5h sequence of the grn\epi gene, a human genomic library in EMBL-3 SP6\T7 (Clontech, Palo Alto, CA, U.S.A.) was screened with a 108 bp probe corresponding to nucleotides k35 to k142 of the 5h sequence of the precursor cDNA for human grn\epi gene. This probe was obtained by PCR amplification of a human bone marrow cDNA library in lambda gt11 (Clontech) with a grn\epi-specific reverse primer in combination with a flanking lambda gt11 primer (results not shown). Duplicate nitrocellulose filters (Schleicher and Schuell, Keene, NH, U.S.A.) were prehybridized in 5iSSC (where SSC is 0.15 M sodium chloride, 0.015 M sodium citrate, pH 7.0), 5iDenhardt's reagent (where Denhardt's reagent is 0.02 % polyvinylpyrrolidone, 0.02 % Ficoll, 0.02 % BSA), 0.2 % SDS at 42 mC for 12 h. Hybridization was in 5iSSC, 2.5iDenhardt's reagent, 0.2 % SDS, 50 % (v\v) formamide, 10 % (w\v) PEG-8000 at 42 mC for 15 h. Filters were then washed twice, for 60 min each time, in 2iSSC containing 0.1 % SDS at 60 mC, and autoradiographs were obtained by exposure at k70 mC with Kodak X-OMAT film (Eastman Kodak, Rochester, NY, U.S.A.) with an intensifying screen. DNA inserts from positively hybridizing clones were subcloned into Bluescript KSII and the nucleotide sequence was obtained by doublestranded dideoxy sequencing as modified for use with the Sequenase 2.0 enzyme (USB, Cleveland, OH, U.S.A.).
Primer extension analysis
The oligonucleotide primer used was a 17mer (5h AGCAGCA-ACCGGGTAGC 3h) corresponding to nucleotides k35 to k51 of the precursor for human grn\epi ( 
Construction of human grn/epi promoter/chloramphenicol acetyltransferase (CAT) expression plasmids
The chimaeric grn\epi promoter\CAT plasmids pGRN-1662, pGRN-638, pGRN-492 and pGRN-342 were constructed by ligation of various 5h sequence fragments of the grn\epi gene into the promoterless CAT-gene-containing plasmid pBLCAT3. The 5h sequence restriction fragments of the human grn\epi gene were obtained by digesting a SacI\XhoI subclone of HGL1 with SstII and PstI, SstII and SmaI, and SstII and XhoI to generate pGRN-342, pGRN-492 and pGRN-638 respectively. A SacI subclone of HGLP26 was digested with SstII and XhoI to generate pGRN-1662. All restriction fragments were purified from low-meltingpoint agarose by phenol extractions followed by ethanol precipitation. The fragments were cloned into pBLCAT3 by bluntend ligation into the BamHI cloning site of pBLCAT3, which was filled in with dNTPs by using T4 DNA polymerase. The orientation of the inserts with relation to the CAT gene coding sequence was verified by restriction enzyme analysis with PstI, SacI and XhoI, and by double-stranded dideoxynucleotide sequencing. pGRN-154, pGRN-116, pGRN-63 and pGRN-32 were generated by controlled digestions from the 5h end of pGRN-342 with exonuclease III as described elsewhere [14] . The 5h ends of these grn\epi promoter\CAT constructs were verified by doublestranded dideoxynucleotide sequencing. The CAT vectors pBLCAT2 and pBLCAT3 [15] were generously supplied by Dr. G. Hendy (Royal Victoria Hospital, Montreal, Quebec, Canada).
Cell culture and transfections
A549, CaSki, NIH-3T3 and COS-7 cells were purchased from American Type Tissue Culture. Cells were maintained in RPMI-1640 medium (for A549 and CaSki cells) or Dulbecco's minimal essential medium (for COS-7 and NIH-3T3 cells) supplemented with 10 % fetal bovine serum and 10 mg\ml gentamycin in an atmosphere of 5 % CO # in air at 37 mC. Before transfection, cells growing as monolayers were trypsinized and replated in six-well (35 mm) tissue-culture plates or 60 mm tissue-culture dishes, and incubated until 50-70 % confluency. Cells were transfected with 2 µg of chimaeric grn\epi promoter\CAT plasmid by liposomemediated transfection with 10µl of 1 mg\ml Lipofectin2 reagent (Gibco-BRL) for 6 h as described by the manufacturer. Transfection efficiency with the liposome-mediated method is consistent [16] [17] [18] thus eliminating the need to normalize for transfection efficiency. Cell extracts were assayed for CAT activity 48-52 h after transfection. pBLCAT2, which contains the thymidine kinase promoter upstream of the CAT gene, was used as a positive control.
Assays for CAT activity
Transfected cells were harvested and resuspended in 100 µl of 0.25 M Tris\HCl, pH 7.8. The cells were disrupted by three cycles of freezing and thawing followed by centrifugation to remove cell debris. Equal volumes of cell extract were assayed for CAT activity by a modified procedure of Gorman et al. [19] . Briefly, the cell extracts were heated for 10 min at 65 mC, centrifuged and 70 µl of the supernatant was added to a solution consisting of 66.5 µl of 0.25 M Tris\HCl, pH 7.8, 2 µl of ["%C]-chloramphenicol (60 mCi\mmol ; ICN), 10 µl of 40 mM acetylCoA and 1.5 µl of 0.5 M EDTA, pH 8. The samples were incubated for 2 h at 37 mC, then extracted with 1 ml of ethyl acetate. A 900 µl portion of the organic phase was removed and dried under vacuum. The resulting pellet was resuspended in 25 µl of ethyl acetate and the unreacted and acetylated forms of the ["%C]chloramphenicol were separated by TLC (Silica Gel 1B ; J. T. Baker, Phillipsburg, NJ, U.S.A.) with chloroform\methanol (19 : 1, v\v) as solvent, and, after autoradiography, areas corresponding to unreacted and acetylated forms were cut out from the TLC sheets and the β-particle emission was determined by scintillation counting. The CAT activity was then quantified as the percentage conversion of the ["%C]chloramphenicol to its acetylated form per µg of protein used in each assay. The protein content of each extract was determined by the Bradford protein analysis as described by the manufacturer with reagents supplied in kit form (Bio-Rad).
RESULTS
Isolation of genomic clones containing the 5h flanking region of the grn/epi gene
We have previously reported the isolation and nucleotide sequence of two genomic clones, HGL1 and HGL23, containing the protein-coding region of the grn\epi gene [13] . Partial characterization of HGL1 suggested that there was an intron in the 5h sequence of the human grn\epi gene seven nucleotides upstream of the translation initiation methionine [3, 13] . We have further characterized HGL1 by restriction-enzyme mapping, Southern hybridization with probes specific to the 5h sequence of the grn\epi gene, nucleotide sequencing and comparison with the cDNA sequence for human grn\epi (results not shown), and confirm the presence of an intron in the 5h sequence of the grn\epi gene. The intron is approx. 3 kb, determined by restrictionenzyme mapping. An intron of 2.2 kb is also present at the same position in the 5h untranslated region of the mouse grn\epi gene [12] .
Analysis of HGL1 revealed that it contained part of the coding region of the grn\epi gene, the 3 kb intron and 675 bp of 5h sequence. To obtain genomic clones containing more of the 5h sequence, a human genomic library was probed with a cDNA fragment corresponding to nucleotides k35 to k142 of the 5h sequence of the grn\epi gene. Three clones, HGLP21, HGLP22 and HGLP26, were obtained. Restriction mapping of HGLP21, HGLP22 and HGLP26 followed by Southern hybridization with grn\epi -specific cDNA fragments indicated that they overlapped and that each clone contained a substantial portion of the 5h sequence of the grn\epi gene. We chose HGLP26, which has an insert of approx. 17 kb and overlaps with HGL1 by approx.
Structural analysis of the 5h flanking region of the human grn/epi gene
The nucleotide sequence of the 5h region of the human grn\epi gene is shown in Figure 1 . In the human grn\epi gene transcription starts from at least two sites (see below), so we have numbered the 5h sequence of the grn\epi gene such that k1 refers to the nucleotide preceding the translation initiation codon (ATG). The 3 kb intron is not included in the numbering scheme. The classic consensus sequence for a TATA box, TATA(A\T)A [20] is missing, although a variant TATA sequence, TATATT, is present at nucleotides k148 to k143. This TATATT motif lies 35 bp upstream of one of the transcription initiation sites of the grn\epi gene and thus might serve as a functional TATA box for this start site [20] . The 5h sequence contains four CCAAT boxes, at nucleotides k103 to k99, k133 to k129, k251 to k247, and k398 to k394. An adjacent 11 bp direct repeat, GAATAG-GGCAG, followed by eight repeats in tandem with the consensus sequence C\TAG\AGG\A occurs at nucleotides k928 to k871. Searches of the nucleic acid databases with the BLAST e-mail server offered by the National Library of Medicine, NIH, revealed that the 5h sequence of the rat sarcoma virus v-ras oncogene contains a similar stretch of nucleotides but in reverse complement, i.e. T\CCT\CTA\G, repeated 7" # times consecutively [21] . The significance of this motif is unknown. Also found within the 5h sequence of the human grn\epi gene are 2 Alu repeats, several homopurine\homopyrimidine tracts and many potential binding sites for transcription factors. Multiple copies of palindromic sequences and direct or inverted repeats are also found, similar sequences being associated with enhancer and\or repressor activity [22] .
Transcription initiation sites in the human grn/epi gene
Primer extension analysis was used to identify the probable transcription start site(s) of the human grn\epi gene. A 17-nucleotide primer specific to the 5h sequence k35 to k51 was annealed to total RNA from human fetal intestine and U937 and A549 cells and extended with reverse transcriptase. The extended products were separated by polyacrylamide gel electrophoresis and revealed by autoradiography. A representative primer extension experiment is shown in Figure 2 . Two major primer 
Figure 3 Schematic representation of the human grn/epi/CAT chimaeric plasmids
All constructs contain a common 3h end (nucleotide k21) but are sequentially truncated at the 5h end with each construct named according to the length (in bp) of the 5h sequence. The relative positions of the CCAAT boxes and putative response elements are shown. The letter r indicates reverse complement. The solid bar indicates the position of the tandem repeats similar to that found in the 5h sequence of the rat sarcoma virus v-ras oncogene. extension products. of 73 and 179 bp were obtained. A control reaction with tRNA did not result in any extension products. These results indicate that the initiation of transcription of the grn\epi gene is heterogeneous, occurring approximately at nucleotides k108 and k214.
Activity of the promoter for human grn/epi gene
Chimaeric human grn\epi promoter\CAT constructs, each terminating at the same 3h site (nucleotide k21) but sequentially truncated at the 5h end ( Figure 3) were tested for their ability to promote the expression of CAT activity in mammalian cell lines. The chimaeric constructs are named according to the length of the cloned 5h sequence.
To map the promoter of the human grn\epi gene, four mammalian cell lines, A549 (human lung carcinoma cells), CaSki (human cervical carcinoma cells), COS-7 (SV-40-transformed monkey kidney fibroblast-like cells) and NIH-3T3 (mouse fibroblasts), were used to analyse the promoter activity of the grn\epi\CAT chimaeras. A representative CAT analysis for each cell line is given in Figure 4 , and the relative CAT activities of pGRN-32 to pGRN-1662 and the control plasmids, pBLCAT2 and pBLCAT3, are given in Table 1 . The relative transcriptional activity of the grn\CAT chimaeras in these cell lines was consistent with the levels of expression of the grn\epi in these cells as determined by Northern blot analysis ( [3] , and V. Bhandari and A. Bateman, unpublished work).
In A549, CaSki, COS-7 and NIH-3T3 cell lines the transcriptional activities of pGRN-32 and pGRN-63 were not significantly different from the promoterless control plasmid, pBLCAT3 (Table 1) , in agreement with the observation that pGRN-32 and pGRN-63 do not contain the predicted transcriptional start sites. As the length of the 5h sequence within the grn\epi\CAT construct is increased (pGRN-116, pGRN-154, pGRN-342) there is a corresponding increase in transcriptional activity. The strongest promoter activity is observed with pGRN-492 for A549 and CaSki cells, and with pGRN-638 for COS-7 and NIH-3T3 cells. A further increase in the length of the 5h sequence, pGRN-1662, results in a decrease in the promoter activity in A549, CaSki and NIH-3T3 cells although the level of transcriptional activity is still
Figure 4 Representative experiment showing the activity of the promoter for the grn/epi gene in (A) A549 human lung carcinoma cells, (B) CaSki human cervical carcinoma cells, (C) COS-7 monkey kidney fibroblasts and (D) NIH-3T3 mouse fibroblasts
Cells were transfected with 2 µg of the various grn/epi/CAT constructs by using Lipofectin2 reagent, and CAT activity was determined 48-52 h after transfection as described in the Materials and methods section. PBLCAT2 is a CAT plasmid containing the thymidine kinase promoter ; pBLCAT3 is a promoterless construct. pGRN-32, pGRN-64, pGRN116, pGRN-154,  pGRN-342, pGRN-492, pGRN-638 and pGRN-1662 are CAT plasmids containing the 5h sequence of the human grn/epi gene with the names of the constructs reflecting the length (in bp) of the 5h sequence.
greater than that observed for the promoterless construct pBLCAT-3. This decrease in transcriptional activity is not observed in COS-7 cells. 
Table 1 Promoter activity for the grn/epi gene in cell lysates of A549 (human lung carcinoma), CaSki (human cervical carcinoma), COS-7 (monkey kidney fibroblast-like) and NIH-3T3 (mouse fibroblast) cells
DISCUSSION
The aims of this study were to determine the 5h sequence of the human grn\epi and to delineate regions likely to be functionally important in maintaining the expression of the gene. We have shown previously [4] that the expression of the grn\epi gene in i o occurs predominantly in epithelial cells, with little expression in mesenchymal cells, muscle or endothelium. In tissue culture, however, some cells of a mesenchymal lineage such as 3T3 fibroblasts do express the grn\epi gene [3] . We therefore chose to look at the promoter activity of the 5h sequence of the human grn\epi gene in cell lines of epithelial origin (A549 and CaSKi), and also in non-transformed fibroblast-like cells (NIH-3T3) and a transformed fibroblastic cell line (COS 7) that expresses the grn\epi gene at a level equivalent to epithelial cell lines (V. Bhandari and A. Bateman, unpublished work). In future work it will be important to extend this to more physiological cell types and to cells growing under more physiological conditions. The 5h sequence of the human grn\epi gene is a strong functional promoter in the epithelial cell lines A549 and CaSki, and in COS-7-transformed fibroblasts. It is a weaker promoter in NIH-3T3 cells. Analysis of the transcriptional activity of the grn\epi\CAT chimaeras suggests that the 91-nucleotide sequence between k84 (pGRN-63) and k175 (pGRN-154) is sufficient to confer promoter activity for grn\epi in A549, CaSki and COS-7 but not in NIH-3T3 cells. However, further elements located between k175 (pGRN-154) and k513 (pGRN-492) are needed for high levels of expression of the grn\epi gene. Maximal promoter activity was seen with pGRN-492 in Caski and A549 cells, and with pGRN-638 in COS-7 and NIH-3T3 cells. Promoter activity in the larger construct, pGRN-1662, was diminished relative to pGRN-492 in Caski, A549 and NIH-3T3 cells but still remained elevated above the basal expression obtained with the promoterless pBLCAT3. This suggests that the 5h sequence of the grn contains both positive and negative response elements. Interestingly the expression of pGRN-1662 remained as high as pGRN-492 in COS-7 cells, suggesting that the transcriptional regulation of the grn\epi gene might vary between cells. Similar inhibitory regulation residing 5h to positive regulatory elements has been shown for the genes of other growth factors such as TGFβ1 [23] and basic fibroblast growth factor [24] . Negative regulation of the gene for TGFβ1 is influenced by external factors such as the extracellular matrix [25] . It will be interesting to determine whether exogenous factors can have a negative effect on the expression of the grn\epi gene.
Features that are frequently found in the promoters of genes with growth-related functions include multiple transcriptional initiation sites, the lack of appropriately positioned TATA and CCAAT boxes, a high GjC content and one or more GC box elements that are binding sites for the transcription factor Sp1 [26] . Primer extension analysis of the human grn\epi gene indicates that there are at least two major transcriptional start sites, at positions k108 and k214. Consistent with this we previously reported two human grn\epi-precursor mRNAs differing in size by about 100 bp [3] . The grn\epi gene has four potential CCAAT boxes, although their functional status is not known. It has no typical TATA box but a potential variant of the TATA box is seen at positions k148 to k143. The mouse gene also does not contain a typical TATA sequence [12] . The 5h sequence of the human gene has a GjC content of 56 % over the 500 bp upstream of the translation initiation site (omitting the intron sequences). This is relatively low compared with several other TATA-less genes ; for example GjC contents of 88 %, 80 %, 79%, 77% and 70 % have been reported for promoters of TGFβ1, the epidermal growth factor receptor, platelet-derived growth factor A, insulin receptor and TGFα genes [23, [27] [28] [29] [30] .
Many potential regulatory elements that have been associated with functional activity in promoters of other eukaryotic genes are scattered throughout the 5h flanking region of the human grn\epi ( Figure 1 ) : 25 sequences show a 7 out of 8 bp match with the AP-1 consensus sequence TGA(C\G)TCAG [31, 32] . Numerous potential AP2-binding sites [33, 34] are present ; nine sites show a 100 % match. The promoter for the grn\epi contains four sequences that show a 7 out of 8 bp match with the CRE\ATF consensus sequence [35] . Several consensus sequences involved in cytokine and growth-factor-regulated gene expression are present in the 5h sequence of the human grn\epi. These include four copies in reverse complement of the IL6-RE hexanucleotide and three potential NFL-IL6-binding sites, both of which have been implicated in regulating gene expression in inflammation, the acute phase response and haematopoiesis [36, 37] . Two sequences match the TGFβ-1 inhibitory element, which is conserved in the promoter regions of TGF-β1-inhibited genes [38] . There were no steroid hormone-like regulatory elements, suggesting that the high levels of grn mRNA detected in reproductive tissues [4, 6] are not the direct result of sex-steroid action on these tissues.
A comparison of the 5h sequences of the genes for human and mouse grn\epi gene by using the dot-plot identity matrix DOTPLOT program offered by DNAstar revealed two major regions of conservation. There is 73 % identity over the region of sequence 300 bp 5h of the translated start codon (not including the intron) ( Figure 5 ). The first conserved region covers most of the k175 to k363 core that seems to be crucial in sustaining CAT activity in the various grn\epi\CAT chimaeras. Several putative binding sites for transcription factors are conserved between the two genes in this region, such as the nuclear factors SP1 (nucleotides k87 to k79, human sequence) [39] , NFIL6 (nucleotides k255 to k247) [37] and CF1 (nucleotides k232 to k226) [40] , as well as the tissue-specific transcription factors TCF1 (nucleotides k175 to k171, and k183 to k179) [41] and TEF2 (nucleotides k220 to k227) [42] . Also conserved within this region is a CCAAT box at nucleotides k133 to k129. The second conserved region occurs between nucleotides k950 and k1430 of the human grn\epi, corresponding to nucleotides k460 and k940 of the mouse gene ( Figure 5 ). Most of this region is included in the pGRN-1662 CAT construct and appears, in some The nucleotide sequence of the mouse 5h flanking region was obtained from Baba et al. [12] . The numbering of nucleotides is based on the initiator ATG codon. Each dot represents a 65 % match (stringency) within a 20-nucleotide stretch (window size). Two highly conserved regions between the human and mouse sequence occur over a region of 300 bp 5h of the translation start codon and between nucleotides k950 and k1430 of the human grn/epi gene and nucleotides k460 and k940 of the mouse gene respectively. The dot matrix analysis was performed with the program DOTPLOT (DNAstar, Madison, WI, U.S.A.).
cell lines, to exert a negative effect on the more 3h elements. It contains a conserved potential binding site for the ubiquitous transcription factor PEA3 [43] (nucleotides k1377 to k1372, human sequence) as well as two conserved short homopurine\ homopyrimidine tracts. Functionally significant polypurine\ polypyrimidine tracts are found in the promoters of several essential growth-control genes such as platelet-derived growth factor A, Ki-ras, epidermal growth factor receptor and c-myc [44] [45] [46] [47] [48] .
In summary, the 5h sequence of the human grn\epi gene lacks a conventional TATA box but has several potential CCAAT boxes, contains several copies of GC box elements, and exhibits at least two transcription initiation sites. The grn\epi\CAT expression experiments delineate the sequence between k175 and k513 as markedly increasing the basal promoter activity. This region is strongly conserved between the genes for human grn\epi and mouse grn\epi (acrogranin). Sequences upstream from k650 might exert suppressive regulation over more 3h elements in some cells. Analysis of the grn\epi 5h sequence against known regulatory elements suggest that cAMP, agents stimulating protein kinase C such as phorbol esters, and several cytokines, especially those involved in the inflammatory response, might play a role in regulating the expression of the grn\epi gene. The large number and variety of putative regulatory elements implies considerable complexity and versatility in the regulation of expression of the grn\epi gene.
